ABSTRACT: Background and Objective: Pain is a frequent symptom in Parkinson's disease (PD), and the therapeutic alternatives are scarce. The goal of this trial was to measure the effects of botulinum toxin type A (BTXA) in the treatment of limb pain in advanced PD. Methods: A randomized double-blind crossover versus placebo study of BTXA for limb pain in advanced Parkinson's disease was conducted. Subjects received individualized BTXA/placebo dosing per pain distribution in limbs. The primary outcome was a measure of change in global pain on a numeric rating scale (NRS) at 4 and 12 weeks postinjection and on a visual analogue scale 12 weeks after treatment. Secondary outcomes included the percentage of responders, physician-rated clinical global impressions, MDS-UPDRS and PDQ-39 scores, and adverse events. Results: A total of 12 subjects completed the trial. Treatment with BTXA (average dose = 241.66 U) produced a significant reduction in NRS score 4 weeks after the injections (-1.75 points, range from -3 to 7, p = 0.033). However, there was no significant difference compared to placebo (p = 0.70). Participants with dystonic pain showed a greater reduction in NRS score after 4 weeks when treated with BTXA (2.66 points vs. 0.75 for placebo). There were no significant differences for any of the secondary outcomes or significant adverse events. Conclusions: Targeted BTXA injections were safe in patients with limb pain and advanced PD; however, the present study failed to show a significant effect when compared to placebo. Further studies may be focused on evaluating the effect of BTXA particularly in dystonic pain.
INTRODUCTION
Pain is a frequent symptom in Parkinson's disease (PD) that has gained increased recognition during the last decade. 1 It is a very prevalent symptom (from 40 to 80% in different series), and in many patients pain is so severe and intractable that it overshadows the motor symptoms of the disorder. 2, 3 Additionally, as the disease progresses, pain can represent considerable illness burdens associated with reduced health-related quality of life, and symptom relief becomes the treatment goal. [4] [5] [6] Classically, PD-related pain was classified as one of five categories: musculoskeletal pain, neuritic or radicular pain, dystonia-associated pain, primary or central pain, and akathitic discomfort. 7, 8 Musculoskeletal (reported in 70% of patients) and dystonic (reported in 40%) pain are the most frequent types.
The most challenging aspect of pain in PD is the scarcity of effective treatments. [7] [8] [9] Limited evidence supports the use of duloxetine, 10 rotigotine, 11 and subthalamic nucleus (STN) or pallidal deep brain stimulation (DBS) as effective treatment options for pain in PD. 12, 13 Oxycodone/naloxone prolongedrelease tablets trials failed to improve outcomes in this group of patients. 14 In addition, many of the frequently used treatments for pain can exacerbate PD symptoms (including constipation, hallucinations, and confusion) that are common in the advanced stages of PD, and most of the patients in the later stages of the disease are not candidates for surgical treatment. 6 Botulinum toxins (BTXs) are an effective treatment modality for a growing number of indications in neurology, including dystonia, spasticity, and headaches. 15 In clinical practice, BTX has been used "off-label" in PD for similar issues such as dystonia and rigidity in advanced PD. 16 In our clinical experience, evaluated retrospectively, most of the PD patients that received injections with botulinum toxin type A (BTXA) for pain in the limbs reported a significant benefit that was sustained over time with almost no adverse effects (AEs). 17 However, there is a large placebo effect in PD. To date, prospective randomized placebocontrolled trials using BTXA for this indication in PD have not been performed.
We hypothesize that BTXA can be a useful treatment for limb pain in advanced PD when lack of response to regular analgesic drugs and the AEs related to opioids significantly reduce the treatment options. The goal of this trial was to perform a doubleblind randomized placebo-controlled crossover trial to measure the effects of BTXA in the treatment of limb pain in advanced PD.
METHODS

Study Design
The study was conducted between November of 2014 and December of 2015 at the Toronto Western Hospital Movement Disorders Center. We conducted a randomized double-blind crossover placebo-controlled trial. Subjects, caregivers, and clinic investigators were blinded as to assignment.
Participants
Males and females older than 30 years of age with idiopathic PD as per the UK Brain Bank criteria 18 were candidates to participate in the study. The inclusion criteria were as follows: (1) subjects with advanced PD (Hoehn and Yahr 3-5, including post-STN DBS) and painful limbs not responding to antiparkinsonian agents according to subjective assessment (patients with OFF dystonia pain with response to levodopa were not included); (2) botulinum toxin treatment-naïve subjects or had not received any within the previous 12 months (for any indication); (3) stable PD and pain medications, and stable DBS settings for at least 30 days; and (4) competence to self-report pain severity using a numeric rating scale (NRS) and a visual analogue scale (VAS). 19 Patients who required a translator or were unable to read were included if they could self-report pain severity on an NRS and a VAS. The exclusion criteria included the following: (1) subjects with a primary cause of pain unrelated to PD and associated with another medical condition (e.g., severe arthritis); (2) subjects that because of the severity or refractory nature of the pain are using an unfixed analgesic schedule; (3) subjects unable to self-report pain severity on an NRS or VAS; (4) subjects with any unstable medical condition; and (5) any contraindication to receiving BTX injections, including hypersensitivity to any ingredient in the formulation or component of the container (Clostridium botulinum toxin type A neurotoxin complex 900 kD, human serum albumin, and sodium chloride) or the presence of infection at the proposed injection site(s).
Outcomes and Clinical Assessments
The primary outcome was a measure of global pain as perceived by the patients assessed by: (1) a change in pain on an NRS administered during a phone interview at 4 weeks postinjection between BTXA and placebo injections; and (2) a change on the NRS and VAS (Edmonton Symptom Assessment System numerical scale) after 12 weeks between BTXA and placebo.
Secondary outcomes included: percentage of responders, defined as those who had at least a 2-point reduction on the NRS or a 20-mm reduction on the VAS; physician-rated Clinical Global Impression (CGI); MDS Unified Parkinson Disease Rating Scale (MDS-UPDRS, parts I-III) ON-levodopa; quality of life by Parkinson Disease Questionnaire (PDQ-39) between baseline and 12 weeks; and adverse events as assessed at each study visit.
The protocol included a screening visit (weeks -2 to 0), three visits to the clinic, and two telephone interviews. During screening visits, written informed consent was obtained, and the inclusion and exclusion criteria were reviewed. A complete medical and neurological history and examination were performed. Parkinsonian disability was assessed using the MDS-UPDRS. Localization of the pain was recorded descriptively using a pictorial body chart. Suitable subjects were randomized using computer-generated randomization tables (generated by the hospital pharmacy) to BTXA or placebo at first injection, and crossover to placebo or BTXA at the second injection after 12 weeks. During visit 2 (week 0) and visit 3 (week 12), injections were performed into painful limbs under electromyographic (EMG) guidance as per the crossover design. NRS, VAS, ON-levodopa MDS-UPDRS, CGI, and PDQ-39 were completed. Subjects were asked about adverse events in detail. During telephone follow-up interviews 1 (at week 4) and 2 (at week 16), NRS and AEs were assessed. The times were selected to be coincident with the peak effect of BTXA treatment (4 weeks postinjection) and the duration of effect at 12 weeks according to average duration of BTXA injections and use in previous clinical trials. [20] [21] [22] During visit 4 (week 24), subjects were evaluated using the MDS-UPDRS, CGI, and PDQ-39, completed the NRS and VAS before the injections, and were asked about adverse events. The total duration of participation for each subject was 24-26 weeks.
During the trial, participants could take their parkinsonian (levodopa, dopamine agonists, cathecol-o-methyltransferase inhibitors, monoamine oxidase inhibitors, etc.) and pain medications (antiinflammatory drugs, opioids, gabapentin, etc.) but were asked to keep to a stable dose during the study. No changes in DBS stimulation were performed in those participants undergoing that treatment.
Study Design and Treatment Administration
Eligible subjects were randomized to receive either BTXA injections or placebo on visit 2 in a double-blind manner according to the randomization schedule. The subjects were crossed over to receive the other treatment (placebo or BTXA injections, respectively) after 12 weeks (visit 3). BTXA preparation was performed by the pharmacist, who assigned serial numbers to the placebo-or BTXA-containing vials. BTXA or normal saline 0.9% (placebo) were injected under EMG guidance, as per the usual standard of care. The study investigator and patient were blinded to injection assignment. An individualized dose was injected in the painful limbs: up to 200 units in the upper limbs or up to 300 units in the lower limbs according to the average doses that subjects with PD pain in the limbs received in our clinic, as per our retrospective study. 17 Each injection contained 25 units of BTXA, and the number of injections ranged from 1 to 8 for the upper limbs and from 1 to 12 in the lower limbs. The pattern of injections was decided by the study investigator according to localization of pain and was the same pattern and dose for each individual patient at both injection visits (visits 2 and 3).
Statistical Analysis
For the primary outcome measure, the NRS, the change between baseline (time of injection) and at 4 weeks postinjection (peak effect) was compared between BTXA and placebo. The change in NRS and VAS scores between baseline (time of injections) and 12 weeks postinjection was compared between the BTXA and placebo groups. The secondary outcomes included change in CGI; ON-levodopa MDS-UPDRS (parts I, II, and III); percentage of responders on the NRS; and PDQ-39 between baseline and 12 weeks postinjection; and were compared for BTXA versus placebo. Categorical data were evaluated using Wilcoxon's signed-rank test. Paired t-tests were performed to compare mean values for quantitative data. Regression analysis was performed for age, sex, disease duration, levodopa equivalent daily dosage (LEDD), DBS treatment, MDS-UPDRS scores (parts I, II, and III) as covariates. The frequency of adverse events between the BTXA and placebo groups was compared using a χ 2 analysis. Statistical significance was set at p < 0.05. Statistical analysis was performed using Stata software (v. 13.0; StataCorp, College Station, TX).
Power analysis showed that using a mean value of 6 points on the NRS and an expected reduction of 2 points, with a standard deviation (SD) of 1 point, the number of subjects to treat is 11 subjects with a power of 95%. Similar analyses were performed for all secondary outcomes, showing that a sample size from 10 to 12 participants was adequate to detect differences of at least 20% in response between groups. With an expected dropout rate of 10-20%, 12-14 patients were recruited.
Standard Protocol Approval Registrations, and Patient Consents
Approval was obtained from the relevant human research ethics committee and Health Canada. Informed consent was obtained from all participants. The study was registered on www. clinicaltrials.gov as no. NCT02472210.
RESULTS
Participant Characteristics
A total of 14 subjects were included. Recruitment and allocation are summarized in Figure 1 . Two subjects were excluded prior to randomization. One patient decided to withdraw due to complications related to motor symptoms of the disease, and one was excluded after it was determined that there was a clear clinical explanation for the limb pain (trophic changes in the skin compatible with peripheral vascular disease). Patient characteristics are summarized in Table 1 . A total of 12 subjects completed the trial, 8 of whom were male (66.6%). The mean age was 65.83 years (SD = 9.93), and the mean disease duration was 14.83 years (SD = 6.40). Four had prior DBS treatment (between 6 months and 1 year prior to the study). Half of the patients had symptoms compatible with musculoskeletal pain and the other half with dystonic pain. The mean injected dose of BTXA was 241.66 units (SD = 89.88, range = 125-400 units).
One participant had received prior BTXA more than a year before the study to treat blepharospasm and sialorrhea.
Primary Outcomes
Change in Pain Scores (NRS) at 4 Weeks (Peak Effect) and (NRS and VAS) at 12 Weeks Four weeks after injections
Treatment with BTXA produced a significant reduction in NRS 4 weeks after injections (1.75 points, range from -3 to 7, p = 0.033). There was no significant effect of placebo injections in the NRS change (1.17 points, range from -4 to 5, p = 0.17). However, when comparing BTXA with placebo, there was no significant difference on the NRS (p = 0.70) ( Table 2) .
Subgroup analysis of participants with dystonic pain (n = 6) showed a greater reduction on the NRS after 4 weeks when treated with BTXA (2.66 points vs. 0.75 for placebo) than participants with musculoskeletal pain (1.41 points vs. 0.83 for placebo). However, this difference was not statistically significant (p = 0.32).
Twelve weeks after injections
There were no significant differences between change in pain on the NRS for those patients treated with BTXA (0.87 points, 
LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES
Volume 45, No. 1 -January 2018p = 0.35) or placebo (0.79 points, p = 0.32). Comparing BTXA versus placebo, there were no significant differences (p = 0.88) ( Table 2 ). In addition, there were no significant differences between change in pain using the VAS in those patients treated with BTXA (7.63 mm, p = 0.23) or placebo (6.33 mm, p = 0.44).
Comparing BTXA and placebo, there were no significant differences (p = 0.85) ( Table 2 ).
The baseline NRS score was 7.64 (SD = 1.92) at week 0 and 6.81 (SD = 2.62) at week 12 (p = 0.16, paired t-test). The baseline VAS score was 72.21 (SD = 17.53) at week 0 and 65.61 (SD = 20.53) at week 12 (p = 0.17, paired t-test). Thus, there was no "carryover" effect of prior injection on the baseline measure at week 12.
Secondary Outcomes
The percentage of responders (a 2-point change on the NRS) after 4 weeks was 58% for BTXA and 41.6% for placebo. This difference was not statistically significant (p = 0.41). After 12 weeks, the percentage of responders was 50% for BTXA and 41% for placebo by the NRS (p = 0.68), and 33% for BTXA and 41% for placebo by 20 mm change on the VAS (p = 0.67).
Physician-rated CGI after treatment with BTXA showed a mean reduction of 5.25 points (p = 0.0087) for BTXA and 2.5 points for placebo (p = 0.08). Comparison of BTXA versus placebo showed that there was no significant difference (p = 0.20).
There were no differences in MDS-UPDRS parts I and II scores between BTXA and placebo 12 weeks after injections (Table 3 ). Although at 12 weeks after BTXA injections there was a mean increase in the MDS-UPDRS part III score of 5.27 points compared to baseline and the mean MDS-UPDRS III score decreased by 5.33 points after placebo injections, this difference was not significant (p = 0.25).
There were no significant differences between BTXA and placebo on total PDQ-39, or on the mobility, ADL (activities of daily living), emotional, stigma, cognition, or communication subsections of the PDQ-39 when comparing treatment with BTXA versus placebo after 12 weeks (Table 2) .
Finally, we performed a logistic regression model to predict response to the treatment using the NRS after 4 weeks adjusting for age, sex, disease duration, LEDD, DBS treatment, and MDS-UPDRS parts I, II and III scores, and we found no significant predictor for response to treatment with BTXA (p = 0.47).
Adverse Effects
No severe AEs were reported during the study. One patient reported weakness in the injected muscles in the upper limbs after treatment with BTXA (dose = 150 U), and one reported weakness in the injected muscles in the lower limbs with placebo (dose = 200 U). In both cases, the weakness resolved after 4 weeks (Pearson's χ 2 = 0.00, p = 1.00). There were no other AEs possibly or probably related to the treatment. *Change in score between time of injection and 4 weeks, or 12 weeks postinjection between BTXA and placebo using Wilcoxon's signed-rank test (n = 12). BTXA = botulinum toxin type A; NA = not applicable; NRS = numeric rating scale; SD = standard deviation; VAS = visual analogue scale. 
DISCUSSION
This study is the first double-blind randomized placebocontrolled crossover trial to assess the utility of targeted BTXA injections for painful limbs in advanced PD patients. Overall, our study showed a mild reduction in pain after 4 weeks compared to placebo, but the effect size was small and nonsignificant. Importantly, there were no significant AEs in this advanced PD population.
To understand these results, it is important to consider that we included all types of PD pain (rigidity, dystonic, and nonspecific pain). When analyzing each individual response, some participants showed a dramatic reduction in pain with BTXA, and some showed no effect at all (Table 4) . We performed a subgroup analysis and found that those patients with dystonic-type pain had better (although nonsignificant) responses (reduction of 2.66 points on the NRS after 4 weeks) than those with musculoskeletal pain (reduction of 1.41 points on the NRS after 4 weeks). This suggests that pain in limb dystonia may be a better target for BTXA compared to musculoskeletal pain in PD. No other disease factors appeared to predict response to treatment.
A common AE of BTXA is transient muscle weakness. Of note, only two subjects reported mild weakness (one after BTXA treatment and the other after placebo). The motor UPDRS scores were evaluated at the in-clinic visits at the 12-week timepoint after injections at, as such, the end of the dose effect. Despite this, the lack of worsening is encouraging in terms of safety of use of BTXA in this advanced PD population.
There are several limitations of the study. At the time of our study, there was a lack of an instrument to objectively measure pain specifically in the PD population, and thus the lack of effect may reflect a lack of being able to accurately capture and measure pain unique to PD. The NRS and VAS are validated scales used for general pain but are not specific for PD. 23 Following completion of our study, a new scale, the King's Parkinson's Disease Pain Scale, was internationally validated. Further studies using this rating scale would be useful. 24 Our study sample size was small, though the power analysis suggested 12-14 total subjects. However, subgroup analysis (dystonia vs. musculoskeletal type pain) analysis was insufficiently powered. The absence of predictors for the response to treatment with BTXA in our study is probably related to the reduced sample size. Furthermore, the study duration may have been too short. The duration of treatment was limited to one injection and evaluation at 4 and 12 weeks. In dystonia, in general, patients often require repeated injections to notice a clinically meaningful benefit. As such, further cycles of BTXA may be required to achieve a statistically significant effect.
Pain in PD continues to be a challenging problem. There have been few double-blind placebo-controlled trials evaluating therapies specifically for PD pain. A recent multicenter trial for oxycodone plus naloxone also failed to identify an effect on pain in these patients. 14 Our study shows that BTXA is safe in patients with limb pain and advanced PD; however, we failed to show a significant effect when compared to placebo. Further studies may be focused on evaluating the longer-term effects of BTXA, particularly in dystonic pain. It is most important to continue the search for other therapeutic alternatives for patients with musculoskeletal pain.
